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MODEL  OF  H  AT  V 


HYDROFOIL  I  £3 IOU3  TRACKED  VEHICLE 

UPPER  -  FLYING  CONFIGURATION 
LOWER  -  LAND  CONFIGURATION 


SUMMARY  AND  CONCLUSIONS 


A  study  has  been  made  of  the  feasibility  of  designing 
a  tracked  amphibious  vehicle  with  surface  boating  characteristics 
adapted  to  permit  takeoff  for  flight  or.  hydrofoils  suited  to  high 
speed  flight  with  an  available  power  plant  of  reasonable  capac  ity. 

It  has  been  found  that  this  objective  can  be  attained 
with  a  vehicle  having  a  good  cruising  range  on  land  and  at  sea. 
Speeds  of  45  knots  at  sea  and  60  m  p  h.  on  land  appear  attain¬ 
able  A  photograph  of  the  model  of  one  conception  of  such  a 
craft  is  shown  on  the  opposite  page.  Other  attainable  character¬ 
istics  are  summarized  on  the  following  pages 

The  primary  problems  involved  in  the  development 
of  such  a  vehicle  have  been  found  to  be  concerned  with  design 
of  a  hull  of  reasonable  weight  to  resist  dynamical  loading  pres¬ 
sures  and  with  the  design  of  a  track  having  clean  contours 
(hydrodynamieally)  and  adapted  to  hig,h  speed  operation  on  land. 
Preliminary  designs  of  essential  elements  have  been  outlined. 


PRELIMINARY  DESIGNED  CHAP  ACTERISTICS 
HYDROFOIL  AMPHIBIOUS  TRACKED  VEHICLE  POWERFD 

BY  T-58  GAS  TURBINE 


A.  Physical  Specifications 

1.  Vehicle,  Flying  Configuration 
Length  overall 
Width,  overaL 
Height 
Crew 

Passenger  capacity  (250#  -each) 
Cargo  capacity 
W  eight 
Bare 

Loaded  (fuel,  crew  and  cargo) 
Draft 

Hull  o  water  clearance 
2  Vehicle,  Boating  Configuration 
Length  o/erall. 

Length,  waterline 
Width,  overall 
Height 

Draft,  foils  dovn 
Draft,  foils  retract**'* 

Metaceninc  He  ght  f  ill  1  ad'dl.  Gh 

M*Uc*f.tr-c  Heig  J  1  a’.t  k  1 

-•* 


35  ft.  7  in 

1  8  ft  3.ir. 

17  ft  10  in 
2 
32 

8000  lbs. 

22.  805  lbs. 
36,  000  lbs. 
3  ft  1  in. 

3  ft. 

35  ft.  7  in 
21  it 

12  ft .  6  in . 

1  2  ft  o  in 
Q  ft  m 

3  ft  b  in. 

3  ft  5  m 
5  ft  *  t* 
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3.  VeHcle,  Land  Operation  Configuration 


Length,  overall 

35  ft.  7  in 

Width,  overall 

1  2  ft.  6  in. 

Height 

1  0  ft .  <  in . 

Ground  clearance 

18  in . 

Ground  pressure 

4.0  p.  s .  i . 

Vertical  center  of  gravity  ibove  ground 

full  load 

4  4  ft. 

4  Vehicle,  Shipping  Configuration 

a.  Hull: 

Length,  overall 

35  ft.  7  in. 

Beam 

1  0  ft  2  in . 

Height 

8  ft.  1  0  in. 

Weight 

14.  353  lbs 

b.  Side  Sponsors  (each) 

Length 

24  ft.  9  in. 

Width 

1  ft.  10  in. 

Height 

6  ft.  10  in. 

Weight 

4.  226  lbs. 

Performance  Specification 

1 .  Vehicle  -  Flying 

Speed- 

Cruising  (max  range) 

25  kncti 

Maximum 

*5  knots 

Range  (•with  200  m\  land  reserve) 
Fuel  Consumption: 

Crui  sing 
Maximum 

2  Vehicle  Boating 

Speed 

Range 

Fuel  consumption 

3  Vehicle.  -  Land  Operation 

Speed  (max  ) 

Range  (with  200  mi.  sea  reserve) 

Fuel  Consumption  (15  m  p  h.) 

Grade  Ascending  ability  (forward  slope) 
Grade  Ascending  ability  (side  elope) 
Obst?.cle  Ability 

Solid  vertical  wall 
T rench  e pan 
Angle  of  approach 
Angle  of  departure 

C _ Fuel  Capacity 

Diesel  Fuel 


200  miles 

300  lb.  /hr 
700  lb.  /hr 

1  1  knots 
55  miles 
700  lb.  /hr 

60  m  p  h 
200  mi 
1  .  5  g.  /mi 
70% 

60% 


2  ft  6  in. 
8  ft. 

48° 

35° 


640  gals 


P.  Ramp 

Width  of  opening 

Height  of  opening  (rr  w.irnum) 


7  ft. 

6  ft  2  in. 


c  - 


Width  of  Cargo  Hatch 
Length  of  Cargo  Hatch 
Height  (minimum) 
Width  (minimum) 
Length  (minimum) 
Cubic  space 


5  ft. 

8  ft.  4  in. 

6  ft .  8  in . 

7  ft.  6  in. 
14  ft . 

700  cu  ft 


I.  INTRODUCTION 


This  report  is  the  final  report  on  a  combined  feasibility 
and  preliminary  design  study  for  an  amphibious  tracked  vehicle 
equipped  with  hydrofoils  to  provide  high  speed  at  se*  in  a  moder¬ 
ately  heavy  seaway.  In  order  to  broaden  the  usefulness  of  the  repot  t, 
only  essential  conclusions  are  presented,  together  with  such  alter¬ 
natives  of  choice  as  appear  to  warrant  further  consideration. 
Technical  discussion  is  avoided  with  the  thought  .in  rrnnd  that  it  tends 
to  obscure  the  broader  picture  and  technical  answers  can  be  supplied, 
on  inquiry,  to  any  interested  parties 
A  Objectives. 

The  prime  objective  of  this  undertaking  is  to  determine 
the  feasibility  of  development  of  an  amphibious  vehicle  capable  of 
high  speed  on  vatcr,  in  a  moderately  heavy  sea  and  on  land  ovei 
moderately  rough  terrain.  A  further  ob'ective  is  the  simultaneous 
provision  of  capacity  for  transporting  a  military  pay  load  at  least 
25%  of  its  gross  .oaded  weight  Other  specific  desirable  character¬ 
istics  of  •  .ich  a  vehicle  ore  summarized  in  Table  I. 

In  pursuing  these  specific  ob  ectives,  there  ha*i 
been  an  effort  to  incorporate  such  ther  features  and  characteristic* 
as  rrav  result  in  maxir~  n  prarti’  able  ve»  ^atiliey  and  utility  of  thr 
re*  u  ng  vehicle. 


r  Sf«  I 
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TABLE  I 


Desirable  Characteristics 
of  a 

Hydrofoil  Amphibious  Tracked  Vehicle 


Land  speed  capability,  at  least 

60  m.  p.  h 

Water  speed  capability,  at  least 

45  knots 

Cargo  capacity,  at  least 

8,  000  lbs. 

Kill  climbing  ability,  at  least 

70%  grade 

Stable  side  hill  operation,  at  least 

60%  grade 

Cruising  r>nga  a*  sea,  at  leact 

? 00  mi . 

Cruising  range  on  land,  at  least 

200  mi. 

T raffi rability  over  dry  light  beach  sand 
and  over  maximum  practicable  range 
of  other  terrain 

Dimensional  limits  to  permit  rail  and 
air  shipment  and  operation  at  sea 
from  an  L  S.  T. 

»i* 


D  -  History 


For  some  years,  there  has  been  a  well- reco  gmzed 
need  for  an  amphibious  vehicle  adapted  to  various  military  uses 
and  capable  of  high  speed  operation  on  land  and  at  sea  One  of 
the  early  efforts  in  the  direction  of  rendering  such  n  craft  avail¬ 
able  v/ as  the  development  of  the  DUh.V  However,  while  amphi¬ 
bious  and  capable  of  moderately  high  speed  on  land,  this  vehicle 
left  much  to  be  desired  as  regards  high  speed  operation  at  sea. 
Although  useable  over  most  beaches,  it  waa  also  limited  in  its 
tr  affi  cability  over  more  difficult  forms  of  terrain  by  the  load 
bearing  and  fractional  characteristics  of  wheels  of  practical  size. 

In  1956,  m  an  effort  to  overcome  the  water  speed 
limitation*  of  the  DUKW  the  Viami  Shipbuilding  Corporation, 
under  sub- contract  with  AVCO  as  prime  contractors  tor  *he 
United  States  Army,  undertook  to  remove  the  water  speed 
limitations  of  the  DUKW  by  applying  hydrofoils  thereto  At  the 
inception  of  the  undertaking,  an  important  question  was  whether 
the  DUKW  could  attain  sufficient  surface  speed,  with  a  useable 
power  plant,  to  takeoff  on  foils  of  small  enough  area  • permit 
attainment  of  a  desirable  fly*  g  speed,  with  that  same  pow«*r  plat  t 
In  order  to  establ.sh  a  pr«.  r™  nary  answer  t  that 
H  jt  at 1  on.  inde  rafeas  1  il  ty-tv  e  c  mtract  a  range  fits  »ff 
rr*dew’tbtle  r  ted  •  -t' s  aw  to  in  a  W  at  sea  a  t 

i*  «*»  .re  t '  e  d*  t  ■  e*tm  J  *  *  e  ff  r«ed  Th»  res  ,ts  f 

#*t«  1 


/ 


these  teats  showed  a  very  high  drag,  but  indicated  the  possibility 
of  takeoff  and  flying,  provided  powering  was  by  gas  turbine,  or 
other  equally  light-v  eight  power  plant. 

After  undertaking  the  contract  two  groups  of  model 
tests  at  one-tenth  scale  were  conducted.  One  group  was  per¬ 
formed  at  the  Experimental  Towing  Tank  of  the  Stevens  Institute 
of  Technology  The  other  was  by  the  Miami  Shipbuilding  Cor¬ 
poration  In  general,  these  tests  confirmed  the  results  of  the 
full-scale  towing  tests..  Minor  improvements  were  then  effected 
by  slight  bow  modific  itions ,  but  these  results  still  left  much  to 
be  desired  in  the  way  of  drag  reduction  This  experience  pro¬ 
vided  the  stimulant  for  active  thinking  at  Miami  Shipbu.lding  Cor¬ 
poration  regarding  steps  that  might  be  undertaken  by  way 
modification  of  an  amphibious  vehicle  to  materially  reduce  its 
drag  during  takeoff  and.  perhaps,  simultaneously  to  improve  its 
land-going  t rafficabi hty  and  versatility 

The  unfavorable  takeoff  characteristics  of  the  DUKV 
are  due  to  a  number  of  factors  Hull  contour,  the  presence  of 
wheel  pockets  and  the  tunnelling  for  the  propellei  combine  to 
•.ttect  pian  ng  characteristics  vary  adversely  Uni:  speed  len  gth 
ratio  is  attained  at  less  than  4  ts  so  that  high  drag  is  reached 
at  re  stive. y  l  speed  'he  sef  planing  speed  ts  very  much 
ti  fher  t*  i*  this  substantially  out  f  reach  far  any  feasible  iwer 
.)1»  t  *  »S*e.«  »kt»  -  s  *ms*  'they  hill 
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irregularities  avid,  appendages  combine  to  produce  very  high 
friction  drag  These  are  not  eliminated  planing  The  bow 
a  ho  oe  and  high  planing  speed  combine  to  cause  production  of 
a  high  bow  wave  at  all  but  very  low  speeds  so  that  wave  drag 
it  high.  The  drag  producing  appendages  and  the  adverse  hull 
configuration  will  be  recognized  by  reference  to  Figure  4  . 

To  avoid  the  adverse  features  of  the  underwater 
system  of  the  DUKW,  it  is  necessary 

(1)  To  provide  a  clean  hull,  avoiding  all  pockets,  cavities 
or  protrusions  or  alternatively  to  provide  means  for 
covering  pockets  and  cavities  and  for  retracting  pro¬ 
trusions  when  boating. 

(2)  To  avoid  the  use  of  propeller  tunnels  or,  if  sut.h  are 
required  fo»  shallow  water  navigation,  to  provide 
arrangemer’s  for  covering  them  during  takeoff  and 
flying  operations  by  foldable  squat  boards 

(3)  To  avoid  use  of  nume  roui  large  aopendages,  like  wheels, 
axles,  etc.,  or  to  provide  for  thsir  retraction  and  cover¬ 
ing. 

(4)  To  atiuHish  hull  form  and  lines  adapted  to  plsning  to  as 

to  niinimixf  drag  st  speed  length  ratios  greater  than 
unity  and  to  avoid  *h*  development  of  *rative  ft  a*.  l.gh 
speed  thr  nigh  Berr  ou  1U  Fffe  ts  ^>n  si»brr  erged  * 

contuuri  a  1  n  pm;  eller  t  '-r.ete 


Careful  consideration  shows  that,  while  means  for 


meeting  requirements  with  a  wheeled  vehicle  are  conceivable, 
this  can  be  provided  only  at  the  cost  of  structural  and  mechanical 
complexity  and  with  difficulty  The  necessary  provision  of  re¬ 
traction  and  covering  of  wheels  and  axles  leads  to  great  mechan¬ 
ical  complication  Without  careful  and  reliable  sealing,  the 
space  taken  up  by  housed  appendages  is  subtracted  from  flotation 
displacement,  increasing  the  draft  or  rendering  difficult  the 
attainment  of  static,  roll  stability  with  reasonable  draft 

On  the  contrary  the  attainment  of  most  of  these  design 
objectives  is  relatively  easy  wnth  a  properly  design  tracked  vehicle 
Still,  there  are  two  areas  of  difficulty.  The  geometry  of  track, 
bogey  mechanism  and  suspension  are  such  as  to  produce  high 
friction  dr*g.  The  space  consumed  by  these  components  sub¬ 
tracts  from  flotation  lift  and  their  weight  combines  therewith  to 
increase  draft  The  locatior  of  these  negative  displacement  areas 
tends  to  reduce  roll  siability 

This  problem  has  not.  normally,  hampered  design 
of  tracked  amphibious  vehicles  since  they  have  generally  been 
heavy  with  deep  draft  ar.d  low  center  of  gravity  The  effect  of 
track  space  volume  in  lowering  metacentric  height  has  hence  n 
been  serious.  On  the  other  hand,  if  V  gh  speed  is  to  be  attained 
design  must  be  for  ibafo*.  d.aft  to  encourage  planirg,  Th  i 
raises  the  ce:  ter  of  gra  /  ty  a  d  renders  e stern  si  th  p  *  ▼  ■ 


a  4  e 


of  a  broad  effective  beam  to  produce  high  meta-center  for  a  suit¬ 
able  stability  moment  This  is  not  easy  with  conventional  track 
and  with  a  stringent  limitation  on  beam.  However,  stability  is 
attainable  and  its  attainment  is  facilitated  by  a  suitable  choice 
and  design  of  track  and  thereby  is  more  readily  accomplished  than 
in  the  case  of  a  wheeled  vehicle. 

After  due  consideration  of  these  various  aspects  of 
the  problem  of  design  of  an  amphibious  vehicle  for  high  speed  on 
land  and  water,  the  conclusion  was  reached,  at  Miami  Shipbuilding 
Corporation,  that  the  potentialities  offered  by  a  hydrofoil -equipped, 
tracked  amphibious  vehicle  were  such  as  to  justify  a  more  careful 
study  for  the  purpose  of  determining  just  what  difficulties  the 
accomplishment  might  present  and  whether  satisfactory  solutions 
therefor  were  recognizable.  This  conclusion  was  based  on  the 
following  general  observations 

(!)  The  hull  design  for  a  treckrd  vehicle  ^an  be  made  com¬ 
paratively  clean  and  can  readily  be  adapted  to  planing 
(2)  While  track,  bogey  and  suspension  system  offer  high 

resistance,  this  can  be  at  least  partially  offset  by  motor¬ 
ing  the  track  at  a  suitable  "pe'-d  dunng  boating  and  takeoff 
Furthermore,  a  suitably  designed  special  track  can  pre- 
tert  clean  lines  snd  vhen  motored,  rra”  *>*ve  neglig  ble 
drag . 

T  »g-  - 
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(3)  If  the  hydrodynamic  problem*  which  they  present  can 
be  solved,  use  of  conventional  tracks  ia  preferred, 
but  other  track  systems  are  possible  and  some  are 
particularly  well  adapted  to  reducing  drag  by  motoring 
Having  reached  this  conclusion,  Miami  Shipbuilding 
Corporation  submitted  a  formal  proposal  for  a  feasiblity  and 
preliminary  design  study  of  a  Hydrofoil  Amphibious  Tracked 
Vehicle  to  the  Office  of  Naval  Research  on  27  December  1956. 
The  present  contract  resuited  from  that  proposal 

The  basic  features  of  the  vehicle  proposed  ire 
shown  in  Figureu  1  and  2.  For  the  take  of  brevity  and  for  the 
purposes  of  this  report  only,  we  shall  henceforth  i  >fer  to  this 
vehicle  as  the  H.  A  T  V. 

As  originally  conceived,  the  H.A.T.V  was  gas  tur¬ 
bine-powered.  It  was  provided  with  conventional  track,  suspen¬ 
sion  and  bogey  system  except  that  provisions  were  made  to 
retract  this  assembly  to  the  point  whe  *e  the  beating  face  of  the 
track  was  flush  with  tne  bottom  of  the  hull,  in  bolting  and  Hying 
Arrangements  were  contemplated  for  covering  the  bottom  track 
face  with  a  smooth  belt,  during  boating,  in  order  to  cut  down 
drag.  As  originally  conceived,  the  beam  of  this  assembly  was 
contemplated  to  be  broad  enough  to  meet  both  pla^'og  and  roll 
stability  requirements 
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Shortly  after  the  contract  got  under  way,  conferences 
with  Navy  and  Ma-ine  Corps  personnel  established  the  fact  that 
it  was  essential  to  restrict  the  beam.  An  initial  figure  of  15  feet 
maximum  was  ultimately  reduced  to  a  working  figure  of  12  1/2 
feet . 


A  one-tenth  scale  model  of  the  resulting  craft,  when 
tested,  showed  a  rather  high  drag,  though  somewhat  lower  than 
that  of  the  DUKW.  This  model  is  shown  in  Figure  3.  Since  it 
simulated  the  track  and  bogey  assembly  with  a  smooth  contoured 
dummy,  drag  <-haracteristics  were  not  strictly  representative. 
However,  a  further  and  more  serious  difficulty  developed.  When 
the  track  and  suspension  housing  portions  of  the  model  were  pro¬ 
perly  vented  to  produce  something  approaching  the  true  displace- 
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started  a  new  search  for  configurations  meet’ng  stability  require¬ 
ments  while  preserving  the  balance  of  desired  performance. 

Various  arrangements  considered  for  providing  track 
retraction  and  meeting  the  stability  problem  arc  shown  in 
Figures  6  a,  b,  c  One  approach  was  the  use  of  a  "catamaran" 
type  configuration,  Fi'gure  6-c,  in  which  the  entire  track  system 
was  placed  below  the  hull  with  *  i  much  as  possible  of  it  enclosed. 
The  two  track  assemblies  were  located  along  opposite  edges  of 
the  hull  *nd  when  viewed  from  bow  or  stern,  the  craft  presented 
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UNDER  VIEW  OF  OUKW  MODEL 


FIRST  MODEL  OF  H  AT  V 
FIGURE  3 


UNDER  VIEW  OF  HATV  FINAL  MODEL 

FIGURE  5 


the  appearance  of  a  crude  catamaran.  Such  a  configuration  can 
be  given  a  broad  effective  beam  without  excessive  width  and  its 
center  of  gravity  can  be  kept  reasonably  low  relative  to  the  meta¬ 
center.  It  presents  two  serious  disadvantage  s .  The  foil  struts 
must  be  excessively  long  in  order  to  provide  a  suitable  flying 
clearance  and  an  excessive  amount  of  track,  bogey,  suspension 
and  other  parasitic  equipment,  having  a  high  friction  coefficient, 
is  immersed  in  water  and  remains  imm  'rsecl  until  tho  vehicle  is 
well  off  the  water  in  flight.  A  general  development  of  this  con¬ 
figuration  with  retractable  front  toils  is  shown  in  Figure  7. 

The  takeoff  drag  characteristics  of  this  vehicle  are  not  good, 
and  it  requires  excessively  heavy  struts  in  order  to  rafely  sup 
port  the  craft  on  foils  during  turning. 

At  the  time  these  aspects  of  the  problem  were  under 
discussion,  a  visit  w*s  madt  to  the  laboratory  cf  Coi.  3ekker  at 
Detroit  Arsenal  for  the  purpose  of  discussing  the  problems  and 
capabilities  of  spaceu  iii.k  tracks,  /t  these  discussions,  it  was 
decided  that  spaced  link  track  presented  more  problems  than 
advantages  in  the  present  application.  As  an  alternate  Col  Bekker 
suggested  cons idesation  of  use  of  his  ground  ski  system.  This  sys¬ 
tem  has  the  very  definite  advantage  of  producing  a  coittmuous  snd 
uniforml-  distributed  ground  pressure.  It  thus  present*  the  best 
attainable  beanrg  capab  l;iy  on  »  'ft  terrain.  It  is  also  >ell  adajtel 
to  design  f^r  reasona  .  e  tr  t.  -  Ira*: 
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Figure  8  illustrates  an  application  o i  thic  track  to  the 
H.A.T.  V.  Because  the  guide  problem  of  a  belted  track  such  as 
this  is  difficult,  articulated  steering  is  used  in  place  of  differential 
track  steering. 

While  the  ground  ski  has  some  very  advantageous 
characteristics,  it  presents  some  serious  design  difficulties. 

The  most  difficult  of  these  results  from  the  necessity  of  tightly 
sealing  the  enclosure  within  the  belt  in  order  to  avoid  v.e»r  and  to 
maintain  lubrication  Furthermore,  the  necessity  for  use  of 
articulated  steering  greatly  increases  the  complexity  of  the  drive 
system  In  recognition  of  these  problems,  a  continuing  se*  '-h  for 
a  useable  track  system  was  now  pursued  with  the  purpose  of 
endeavoring  to  attain  as  many  as  possible  of  the  advantages  of  the 
ground  ski,  while  avoiding  its  design  difficulties 

A  study  was  made  of  the  possibilities  of  producing  a 
segmental  pneumatic  belt.  While  su<h  a  belt  would  necessarily 
run  on  gu<de  rails  and  rollers  and  hence  require  suals,  the  sealirg 
does  not  have  to  flex  with  the  belt  and  hence  presents  less  serious 
difficulties.  These  seals  will  be  much  farther  above  ground  than  in 
the  ground  ski.  Furthermore,  a  turbo-blower  can  be  used  to  main¬ 
tain  air  pressure  within  the  sealed  space  to  keep  out  dust  a:  d  water 
Tighfnesa  of  the  seal  is  then  less  important  and  s<*al  mir  can  be 
minimlaed  The  gci  rrti  once  t  of  *  segment  of  such  a  belt  is 
indicated  n  Figure  0  Its  ap'  It  at  or  to  a  form  of  H.  A  T  V.  is 
shown  In  Figure  10. 
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Early  conceptions  of  the  H  A.T,  V.  had  the  foils 
mounted  on  the  outside  of  the  hull.  In  this  location,  they  were 
vulnerable  to  damage.  In  developing  a  configuration  for  the 
pneumatic  track  arrangement,  a  simultaneous  effort  was  made 
to  get  the  retracted  foils  inside  the  hull  A  new  concept  of  a 
front  foil  system,  comprising  a  single  swept  back  foil  spanning 
the  craft  and  mounted  on  two  struts,  with  foldable  foil  tips 
extending  beyond  the  struts,  resulted.  This  also  is  shown  in 
Figure  10.  Figure  1  1  shows  an  early  concept  of  this  foil  retraction 
arrangement.  The  foil  tips  fold  up  against  the  struts  and  struts 
and  foil,  tip?  retract  into  wol's  inside  the  hull 

A.  tentative  hull  form  is  shown  in  Figure  12.  The 
hull  is  completely  decked  over  with  a  hatch  provided  for  crane 
loading.  A  bow  door  permits  loading  and  offloading  of  mer.  and 
vehicles  at  ground  level.  Figure  13  shows  .*  retractable  rear 
foil  and  propulsion  assembly  wuth  gas  turbine  mounted  on  the  unit. 

Since  evolution  of  the  conceptions  illustrated  in  Figures 
9  to  13,  inclusive,  there  has  been  more  detailed  study  oi  power 
plants,  drive  gearing,  cortrol  mechanism,  hull  structure,  foil 
structure  and  hull  configuration  Various  retraction  sy.t  ems  were 
investigated  Steering  arrangements  were  investigated  Some 
potential  advantages  were  found  in  the  possible  use  of  a  high 
pressure  steam  boiler  and  engine 
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In  the  case  of  the  steam  engine,  special  advantages 
der've  from  use  of  separate  propeller  drive  and  track  drive. 

With  an  engine  on  each  ‘rack,  steering  can  be  by  differential 
throttle  control,  eliminating  steering  clutches  and  brakes.  The 
torque  speed  characteristics  of  the  steam  engine  are  very 
fa  vorable. 

The  hull  has  presented  certain  problems  Initially, 
an  effort  was  made  to  give  9hape  to  the  bow  and  dead  rise  to  the 
bottom,  to  keep  shock  loadirg  dowm ,  It  was  found  that  shaping  the 
bow  adequately  interfered  wuth  its  utilization  as  a  ramp  It  was 
also  found  that  the  fence  effect  of  the  tracks,  extending  along  the 
"chines'  nullifies  most  of  the  shock  reduction  effect  of  dead  rise 
and  may  actually  increase  shock  under  some  conditions. 

The  craft  appears  to  have  excess  power  available  dur¬ 
ing  takeoff  and  takes  off  at  a  moderate  speed  It  was  hence  decided 
that  the  danger  of  shock  damage  could  be  minimized  by  a  quick, 
full  power  takeoff  winch  can  apparently  be  accomplished  in  about 
120  to  150  feet,  or  four  to  five  lengths.  The  main  requirement  is 
then  to  provide  hull  strength  for  model  at*  shock  and  bow  stren  rh 
to  resist  shock  of  a  high  speed  dive.  The  bow  shape  it  such  as  to 
minimise  this  insofar  us  possible  with  a  iT?t -bottomed  hull. 

C.  General  Resume  of  Study 


The  frontispiece  of  this  report  presents  a  photographic 


views  of  a  model  constructed  to  the  general  arrangement  and  result¬ 
ing  configuration  of  the  design  resulting  'rom  the  conceptions  out¬ 
lined  above.  Opposite  this  illustration  is  a  tabulation  of  the  princi¬ 
pal  dimensions  and  characteristics  The  total  gross  weight  on  this 
first  go  around  is  in  excess  of  that  established  as  a  tentative  object¬ 
ive.  However,  this  is  the  result  of  a  generally  conservative  approach 
to  the  preliminary  design  of  principal  component*.  It  is  certain  that 
with  proper  research  into  essential  loadings,  utilization  of  high 
strength  materials  and  careful  refinement  of  detail  the  desired 
weight  can  be  closely  approached  and  possibly  bettered. 

Such  weight  reduction  is  desirable  from  the  standpoint 
of  economy,  but  the  present  weight  does  not  interfere  with  perform¬ 
ance  Ground  pressu-e  is  down  to  the  neighborhood  of  4.  4  pst.  and 
the  craft  can  attain  4b  knots  at  sea  with  it*  i-tended  pover  plant 
It  haa  «  large  margin  of  power  at  takeoff.  Re-design  cf  foils  can 
take  advantage  of  the  favorable  planing  characteristics  and  the  con¬ 
sequent  practicability  of  a  takeoff  at  higher  speed.  The  resulting 
reduction  of  foil  area  will  raise  the  flying  speed  to  50  knots,  or 
higher  if  desired,  or  reduce  the  power  requirement  at  45  knot  , 
permitting  the  «**  of  a  smaller  power  pla-t 

The  thrust  rrarg  n  at  t**eoff  it  *uch  the  ;arg  we  gSt 
could  be  n-aler  sally  a<  rested.  he  tl  ndi  «  4  ^rag  •  * 
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speed.  As  a  matter  of  tact,  this  craft  could  take  off  with  another 
9000  lbs,  of  cargo  weight  and  would  still  fly  at  close  to  45  knots 

These  potentialities  derive  mainly  from  the  high  aspect 
ratio  front  foil  and  from  the  clean-up  of  hull  contours  permitted  by 
the  track  system.  Figure  5  showed  a  partial  under-view  ot  the 
resulting  hull  bottom.  Comparison  with  Figure  4  reveals  the  ob¬ 
vious  advantages  of  *he  tracked  configuration  over  the  wheeled 
This  study  has  net  produced  complete  preliminary 
designs.  It  has  shown  that  *t  is  practicable  to  produce  a  vehicle 
capable  of  a  water  speed  of  45  knots  and  a  land  speed  of  60  m  p.h. 
Both  speeds  will  be  attainable  under  moderately  rough  conditions. 

A  number  of  attractive  alternative  arrangements  for  propulsion 
and  steering  have  been  found  Preliminary  design  layoutu  and 
calculations  have  been  carried  to  the  point  of  establishing  conser¬ 
vative  wei  fhts,  space  requirements  and  power. 

One  of  the  important  conclusions  of  the  study  is  that 
with  a  suitable  track,  a  tracked  vehicle  has  many  advantages  at 
sea  and  on  land  At  the  same  Pme,  it  has  b-en  found  that  the 
choice  and  design  of  a  f  itable  trac*  pro/ides  the  key  to  accom¬ 
plishment  of  the  desired  e  The  segmental  pneumatic  belt  track 

has  the  nos'  favora’ne  hart  *t  cs  s  far  attainable  to  "ns  ire 
t>  e  de  s  r«'  e  e  f  a  e  At  the  •  a*  e  t  ~  e  t  pre  *e  ,t  s  man  'esgn 
d  ff  cult  e «  sol'it  it  these  ^tffietB'tes  are  re  ci  gn  sable  b  • 
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With  the  limite  time  and  fundo  available  for  this 


study,  it  has  not  been  possible  toexhaust  the  entire  list  of  pos¬ 
sible  track  or  roller- wheel  system**.  It  is  recognized  that  there 
may  be  other  systems  which  meet  the  traction  and  load-carry¬ 
ing  requirements  oi  the  desired  vehicle  and  which  may  simuitar. 
eously  meet  hydrodynamic  requirements  at  sea.  So  far,  no 
such  system  has  been  recognized. 
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LI.  CHARACTERISTICS  OF  CRAFT  WHEN  WATER-BORNE 


A.  Stability 

Design  studies  have  been  carried  far  enough  to  esta¬ 
blish  the  fact  that  ratisfactory  roll  stability  is  attainable,  though 
careful  development  cf  the  final  design  will  be  necessary  to  pro¬ 
duce  a  satisfactory  margin  In  the  present  state  of  design,  the 
G-M  is  approximate  3  4  feet  A  value  of  5  to  7  would  be  more 
desirable.  The  easiest  way  to  produce  it  would  be  to  broaden 
the  beam,  but  this  interferes  with  air  and  rail  shipment.  Adding 
2-1/2  feet  would  still  permit  passing  through  the  L..S.T  door 
but  would  leave  a  width  of  12  feet  for  the  dismantled  unit  At 
the  same  time,  it  would  raise  the  G-h'  to  about  11  feet,  which 
would  be  very  satisfactory 

Corresponding  improvement  could  be  accomplished 
by  ballasting.  Since  there  is  adequate  takeoff  capability  and 
flying  speed  would  not  be  seriously  affected,  this  is  a  possibility. 
Water  ballast  could  be  utilized  when  boating  -ad  dumped  on  land- 
mg  or  when  flying  A  studied  rearrangement  of  machinery  could 
produce  some  benefit.  However,  with  these  changer.,  the  improve¬ 
ment  is  no  no  rapid  as  that  with  increased  beam  it  appears  that, 
in  a  more  detailed  study,  it  may  prove  advantageous  to  accept  an 
increase  in  beam  at  the  cost  of  sacrificing  less  important  objectives 
or  to  investigate  the  possibility  uf  use  of  retractable  sponsons  as  a 
means  f<"»r  producing  an  adjustable  effective  beam  These  could  take 
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the  form  of  tanks  located  above  the  tracks  and  hinged  to  drop  down, 
outboard  of  the  tracks,  wheVi  boating.  Such  tanks  would  dismount 
with  the  tracks  for  shipment  and  could  be  kept  within  the  lines  of 
the  track  when  retracted  Figure  14  shows  a  sketch  of  such  an 
arrangement 

The  proposed  use  of  aileron  control  on  the  foils  re¬ 
duces  the  available  lift  moment  for  roll  control  relative  to  that 
with  which  we  have  experience.  It  has  been  found  that  if  the  main 
lift  requirement  is  met  by  trim  control  of  foil  angle  of  attack,  the 
transient  requirements  can  be  met  by  flap  control  It  appears 
that  an  adequate  margin  for  stability  can  be  provided  by  this 
means.  Cruising  lift  will  be  met  by  foil  camber  and  built-in  angle 
of  attack.  Increase  lift  coefficient  during  takeoff  can  be  provided 
by  irimming  the  craft  to  a  suitable  planing  angle  During  (light, 
control  of  altitude  can  be  provided  transiently  by  flap  control 
while  steady  state  speed  changes  are  compensated  by  micrometer 
adjustment  of  angle  of  attack  or  trim. 

P  Planing  Characteristics  of  Hull. 

A  planing  body  has  the  essential  characteristics  of  a 
foil  of  the  iur.it  aspect  ratio,  but  with  roughly  half  the  lift  coef¬ 
ficient  Departures  from  foil  characteristics  are  due  mainly  to 
the  build-up  of  a.  forward  projected  jet.  at  the  surface,  ahead  of  the 

stagnation  point.  The  mair  effect  of  this  is  to  modify  It  ft  tligh*ly. 
hut  to  substantially  increase  induced  drag,  r  or  :  ae«  of  roi  I* 
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computation,  the  planing  lift  can  be  estimated  bv 

l  -  Si,  ‘V* 

where  L.  is  planing  lift,  X  -  geometrical  angle  of  attack  in  radians, 
=  effective  aspect  ratio  of  wetted  surface.  :  geometrical 

aspect  ratio,  b  *  beam  in  feet  and  Q  is  the  dynamical  pres¬ 
sure  in  lbs,  sq.ft  corresponding  to  the  speed  of  advance.  This 
relation  maps  the  area  of  extensive  NACA  tests  within  57o  to  10% 
and  is  here  used  for  rough  estimating  of  planing  characteristics. 

The  tracks  on  the  HAT.  V  behave  as  fences  along 
the  edge*  of  the  hull  and  increas*  the  effective  aspect  ratio  in  a 
manner  similar  to  the  behavior  of  tip  plates  on  airfoils  and  hydro¬ 
foils.  Also,  for  small  aspect  ratios,  there  is  a  secondary  effect 
of  angle  of  attack  on  lift  coefficient  which  can  be  approximated  by 
a  correction  to  aspect  ratio,  r'or  purposes  of  approximation,  the 
effective  aspect  ratio  is  given 

4  ‘  A  *  V-j-  -to( 

*  |  t*fr<X, 

where  ^  is  the  height  fiom  base  of  track  to  bottom  of  hull,  b  is 
the  overall  beam  and  £  is  the  wetted  length  The  effective  lift 
coefficient  of  the  planing  H.  A.  T.  V  is  suort«ntially  increased  over 
tha*  nf  a  conventional  hull  of  equal  beam  letgth  ratio,  by  the  pre¬ 
sence  of  the  solid  wall  pi  ^sented  by  the  pro  lie  of  the  track  .  Y  or 


a  »  - 


this  reason,  the  H.  A.T  V.  will  plane  a.t  a  lov/tr  opted  than  a 


conventional  hull,  if  trim  is  properly  controlled. 

The  tracks  themselves  present  an  irregular  surface 
which  offers  a  high  resistance  This  resistance  is  estimated  for 
a  coefficient  of  0.015.  The  coefficient  nr  the  balance  of  the  hull 
will  be  normal  and  is  estimated  at  0.005.  With  tracks  stationary, 
the  drag  of  the  H.  A.  T  .  V  .  >  n  boating  wi  11  be  high .  Howevt  r ,  by 
motoring  the  tracko  at  a  linear  speed  a  little  above  boating  speed, 
their  *ontribution  to  this  resistance  can  be  reduced  to  aero  or 
made  negative.  The  main  drag  contribution  of  the  track  will  then 
be  that  oi  its  planing  aid  wave-making  action. 

It  is  necessary  to  add  a  displacement  increment  to  plan¬ 
ing  lift  which  is  negligible  at  high  speeds,  but  not  during  the  low- 
speed,  oouting  recirne  The  flow  separates  from  the  transom  at 
relatively  low  speed  so  that  base  drag  becomes  constant  and  the 
displacement  lift  makes  a  pseudo  induced  drag  contribution  along 
with  the  planing  lift  The  induced  drag  of  a  flat  planing  surface  is 
essentially  the  total  lift  .imes  the  tangent  of  the  angle  of  attack  or 
effective  trim,  except  at  very  low  speeds. 

With  this  information  and  the  calculated  foil  characteris¬ 
tics,  the  takeoff  drag  carve  of  the  H.  A.  T.  V  has  been  calculated  for 
comparison  with  other  hydrofoil  craft  and  is  presented  as  a  part  of 
the  H.A  T.V  characteristics  shown  in  Figure  15.  Calculated 
drags  are  In  fair  agreement  with  model  tests,  but  model  t**t  results 
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accumulated  a.*c  irt,s  (liquate  determination  of  th*  complete 
characteristic . 

C.  Flying  Cha racteristicr. 

The  front  foil  of  the  tentative  H.  A.  T.  V.  design  has 
a  high  aspect  ratio,  about  116  and  a  large  area,  about  25. 6 
square  feet.  So  far  as  hydrodynamic  requirements  go,  the 
area  could  be  smaller  For  a  takeoff  speed  equal  to  that  of  the 
hydrofoil- supported  LCVP,  "Halobates",  it  could  be  about  15 
square  feet.  No  attempt  has  been  made  co  develop  the  optimum 
design  since  this  involves  a  rather  elaborate  stress  analysis  and 
is  beyond  the  scope  of  this  report.  Such  analysis  ic  worth  while  for 
it  can  greatly  reduce  high  speed  drag  and  thereby  raise  attainable 
speed  O’-  reduce  cruising  po  ve  r  requirementr  It  should  have  an 
important  place  in  a  detailed  design  development  program. 

The  takeoff  characteristics  have  been  calculated  for  a 
foil  lift  coeffic ’tni  of  one.  For  this  condition,  the  total  drag  coef¬ 
ficient  of  the  tentative  foil  and  r,trut  system,  plus  wind  res  stance, 
is  0  085  referred  to  the  front  foil  area  *ifter  taVeoff,  ins  friction 
drag  coefficient  is  approximately  0.0332  on  the  same  basis.  The 
corresponding  induced  drag  coefficient  Is  Cot  =O.04?/2/y 
where  is  the  ratio  of  flying  speed  to  takeoff  speed.  Fot  the 

optimum  ff  it  system,  takeoff  speed  will  cha~ge  from  7  2  knots  to 
ab^  it  23  knots  and  the  two  drag  ce^f'U  en'i  will  be  tedjeed  by  a 
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factor  of  approximately  0.55. 

In  Figure  15  have  beer:  plotted  the  takeoff  and  flying 
characteristic!*  of  the  hydrofoil- supported  LCVP,  Halobates", 
DUKW,  the  H.A.T  V.  with  tentative  foil  system  and  of  the 
H.  A.  T.  V.  with  an  estimated  o4  cirrum  foil  system  The  re  are 
also  plotted  available  thrust  curves  for  these  three  craft, 
respectively  powered  by  a  615  H*3  gasoline  engine  with  a  26"  x 
22"  propeller  *nd  an  825  HP  gas  turbine  with  a  33"  x  L2"  propel¬ 
ler  and  a  24"  x  32"  propeller.  In  the  case  of  the  H  A  T.  V.  , 
consideration  has  also  been  given  to  ar.  alternative  1000  HP 
steam  engine.  This  particular  steam  power  plant  is  attractive 
because  its  specific  fuel  rate  at  rated  power  is  roughly  equal  to 
that  of  the  tu-bine,  while  that  at  reduced  power  is  much  better 
Furthermore,  its  available  torque  at  reduced  speed  is  sub¬ 
stantially  greater  than  that  of  the  turbine.  With  such  an  engine, 
gear  shifting  on  lend  can  be  eliminated  and  takeoff  can  be  accom¬ 
plished  in  n  very  short  run  (about  4  to  5  lengths)  at  sea 

In  calculating  the  takeoff  curves  of  the  H  A.T  V  ,  the 
track  has  bet.i  considered  as  motoring  Also,  the  curves  of 
Figure  15  hsve  been  estimated  for  30,  000  lbs.  designed  total 
weight  At  the  present  stage.  %h«  «„;inated  weight  is  36,000  lbs. 
To  show  the  effect  ot  increased  weight.  Ftgure  16  lias  been  pre¬ 
pared  showing  performance  with  the  tentative  foil  for  36,00  li. 
we  ght  and  45,  0  10  lb,  we  ght.  A  takeoff  ci  *v»  thtrac* 
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stationary  is  also  shown. 


It  is  to  be  noted  that  the  tentative  design  of  H.  A.  T.  V 
shows  less  drag  during  takeoff  and  lov  speed  flight  "han  does 
"Halobater/  .  However  the  characte  x'isti cs  cross  at  about  35 
knots.  Ther  rafter,  the  H.  A.  T  V  drag  is  higher.  With  the  opti¬ 
mum  foil  system,  the  H  A  T  V.  drag  :c  lower  than  that  of  Halo- 
bates  at  all  speeds  and  substantially  lower  at  high  speed.  It  is 
considered  that  the  foil  design  producing  thin  performance  is 
realizable,  structurally,  by  careful  design  and  fabrication, 
including  use  of  high  strength  materials. 

The  estimated  drag  of  the  H.  A.  T  V.  w'ith  stationary 
track  is  less  than  that  of  the  DUKW,  during  takeoff.  The  reduction 
of  effective  drag  to  the  value  obtaining  on  the  lower  curve  is  the 
result  of  motoring  the  track  The  power  required  tor  tins  is 
relatively  minor  compared  with  the  drag  power.  Motoring  a 
suitably  designed  track  is  effective  in  reducing  overall  drag  On 
the  other  hand,  tests  conducted  on  the  DUKW  showed  that  motor¬ 
ing  the  wheei*  had  no  mcasurabl*  effect  on  drag.  V.  ith  a  suitable 
track,  hull  contours  can  be  kept  clean  ana  drag  producing 
appendages  can  be  avoided  The  one  unavoidable  appendage  (the 
track)  can  be  motored  in  a  manner  adapted  to  keep  its  drag  down 

To  accomplish  an  equivalent  result  with  a  wheeled 
vehicle  required  retrict  o*  of  all  appe  dagrs  l^to  wells  r  t' t 
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hull  and  covering  these  we.'ls  with  shells  fitted  to  the  hull  lines. 
The  wells  reduce  displacement  and  stabilizing  moment  unless 
the  covers  are  water-tigh*  The  multiplicity  of  retraction  and 
covering  arrangements  greatly  increases  mechanical  complexity. 

In  coming  through  a  surf  it  is  desirable  to  be  able 
to  pick  up  speed  rapidly  and  to  reach  a  speed  in  excess  of  that  of 
an  approaching  wave,  so  as  to  keep  >ut  of  its  way  at  the  time  it 
breaks.  For  this  reason,  it  is  important  to  know  the  speed 
capabilities  of  the  craft  in  boating.  To  cover  this  situation,  an 
estimated  boat  ng  drag  curve  has  been  plotted  rn  Figure  16.  It 
appears  that  the  attainable  planing  speed  is  in  excess  of  the  need. 
Baing  calculated,  this  curve  is,  of  course,  quite  approximate  and 
merely  indicative  of  possibilities. 
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III.  CHARACTERISTICS  OF  VEHICLE  ON  LAND 


As  previously  indicated,  purposes  of  this  undertaking 
have  been  the  development  of  a  ''ehicle  capable  of  high  speed  on 
land,  as  well  as  at  sea,  and  further  to  provide  satisfactory 
trafficability  over  the  maximum  range  of  likely  terrains  to  be 
encountered  in  service.  In  a  conventional  mechanical  track 
mechanism,  as  in  all  mechanisms  involving  frictional  wear,  the 
wear  rate  increases  very,  very  rapidly  with  speed  Life,  in 
both  hours  and  mile:i,  lecreases  accordingly.  The  same  is  true 
when  parts  are  of  rubber.  But  the  resiliency  and  shock  reducing 
capability  of  rubber  are  such  that  with  proper  application  and 
design,  the  diminution  of  shock  loads  and  resistance  to  gritty 
abrasion  combine  to  cause  a  less  rapid  rate  of  increase  of  wear 
with  speed  Thus,  as  in  the  case  of  the  pneumatic  vehicle  tire, 
a  good  life  can  be  realized  at  Bpeeds  far  beyond  the  equivalent 
performance  of  steel. 

''lien  the  rubber  is  used  in  a  pneumatic  element,  the 
shock  reduction  capability  is  increased  and  may  be  carried  to  the 
point  where  other  shock  absorbing  mechanisms  cr.n  be  eliminated. 
In  working  out  the  concept  of  a  pneumati  :  rubber  t'ack  an  effort 
has  been  made  to  utilize  to  the  maximum  this  shock  reducing 
capability.  At  the  same  time,  the  further  effort  has  been  to 
produce  a  continuous  track  bearing  pattern  wit!  ur-form  unit 
loading  The  advantage  of  uniform  ground  bearing  is  ndicat*  H 
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in  Figure  17,  taken  frorr  an  illustrat’or.  of  Dr.  Eokker.  Regard- 

a 

less  of  their  arrangement  or  of  the  flexible  b  *lt  or  chain  with 
which  they  are  covered,  the  localized  loading  pattern  of  the 
bogeys  carries  through  to  the  bearing  on  the  ground.  No  matter 
how  tightly  they  are  stretched,  belts  and  chains  deflect  more 
rapidly  than  the  ground  on  which  they  bear  unt.l  the  shear 
developed  by  non-uniform  loading  produces  a  flow  to  redistribute 
pressure  Once  this  flow  starts,  the  ground  break-up  is  under 
way  and  the  depth  of  its  penetration  increases  with  each  passage 
of  a  vehicle. 

With  a  pneumKvic  support  by  a  flexible  pneumatic 
casing,  the  ground  pressuie  is  substantially  uniform  over  the 
bearing  area.  In  the  case  of  a  tire  deflection  of  the  casing  pro¬ 
duces  such  bearing  over  an  elliptical  flattened  area  at  tho  point 
at  contact.  With  the  allowable  deflections,  the  major  diameter 
of  this  area  is  of  the  order  01  one-filth  to  one-third  of  the  tire 
diameter  A  linear  pneumatic  bearing  element  thus  is  equiva¬ 
lent  to  a  pneumatic  wheel  of  diameter  three  to  five  times  the 
length  of  the  pneumatic  unit  Th  a  situation  is  illustrated  graphi¬ 
cally  in  Figure  1?,  also  an  illustration  of  Dr.  Bekker's. 

In  the  case  of  the  H  A  T  V'  segmental  pneumatic 
track,  tfie  bearing  pressure  has  been  kept  do  to  approximately 
4  4  psi  With  this  presiure,  the  veh  cle  will  traverse  the  land¬ 
ward,  1  2rt  dry  sand  of  almost  any  Vro-'  bee.*v  -r  ther  ss'  dy 
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area  with  substantially  zero  penetration  certainly  less  than  3  inches 
in  almost  any  case.  Lack  of  adequate  information  on  the  specific 
numerical  terrain  parameters  has  precluded  a  detailed  analysis  of 
performance  on  other  likely  terrain 

While  the  pneumatic  track  has  a  depth  of  15  inches,  its 
tread  is  22  inches  and  its  equivalent  section  diameter  is  about  21 
inches.  Due  to  its  construction,  it  deflects  little  under  initial  load¬ 
ing  30  the  side  wall  fatigue  under  periodic  loading  -will  be  less  than 
for  a  normally  loaded  conventional  tire.  Figure  19  shows  a  diagram¬ 
matic  section  of  the  tire.  The  configuration,  when  loaded,  is  indi¬ 
cated  bv  the  solid  outline  With  an  internal  pressure  of  10  psi,  the 
configuration  with  a  bearing  load  of  4  psi  is  indicated  by  the  broken 
outline.  When  the  vehicle  is  operating  on  a  60%  side  slope  with  the 
existing  e  g  location,  the  configuration  is  as  indicated  by  the  dash- 
dot  outline  The  lateral  deflection  of  ? -  1  /  4  over  a  tread  length  of 
17  feet  is  such  that  only  a  very  modest  yaw  will  be  necessary  to 
conpensat*  the  resultant  down-hull  drift,  i  his  will  almost  certainly 
be  less  than  the  compens ation  for  earth  movement  unless  the  slope 
is  paved. 

While  this  pneumrtic  track  ■will  be  fairly  stiff  when 
deflected  as  a  whole,  it  will  be  quite  soft  in  its  deformation  by  local 
obstructions  Surface  irregularities  of  wave  length  less  than  17  feet 
will  produce  no  appreciable  vertical  moviment  of  the  vehicle  }  or 
ground  waves  in  the  neighborhood  of  34  'eet  -  ave  length,  less  thaj 
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1  ft.  high,  the  vertical  movement  will  be  roughly  half  the  wave 
height  For  longer  waves,  it  wall  approach  the  full  height.  The 
natural  frequency  of  the  vehicle  on  its  pneumatic  track  in  heave 
will  be  about  3  6  cycles  per  second  r.ml  ab^ui  .  9  cycles  in  pitch. 
This  ic  n  little  high  for  high  speed  driving.  The  average  auto¬ 
mobile  runs  about  2  cycles  in  heave  and  about  1.2  cycles  in  pitch. 
Truck*  run  higher,  up  to  the  neighborhood  of  1-3/4  to  2  cycles  m 
pitch.  Fcr  high  speed  operation  in  fiat  aread  where  th<*re  is  no 
danger  of  having  to  negotiate  steep  side  hills,  the  tire  ressure 
could  be  maintained  as  low  as  6  psi.  This  would  drop  the  fre¬ 
quency  to  less  than  3  cycles  in  heave  and  1.6  cycles  in  pitch  This 
high  suspension  frequency  presents  the  main  obstacles  to  be  over¬ 
come  in  seeking  good  riding  at  high  land  speeds. 

The  power  ng  of  the  vehicle  is  adequate  for  very  high 
speed  on  land.  While  inction  characteristics  have  not  been  accur¬ 
ately  estimated,  a  rough  evaluation  indicates  a  capability  of 
110  rrph  on  pavement,  No  attempt  h*en  made  to  realize  thi  s 
in  present  designs.  Gear  ratios  and  other  mechanical  equipment 
have  been  designed  for  a  maximum  land  speed  of  60  mph  at  r«*ed 
turbine,  speed.  This  provides  good  hill  climbing  ability  with  mini¬ 
mum  gear  shifting,  while  still  affording  a  top  speed  on  lend  well  n 
exceee  of  that  of  any  existing  eq uival«r*  vehicle 

U.timate  realisation  of  th  i  high  speed  **11  deperd  up  r 
careful  engineer. ng  of  the  trae*'  des  g  \  ve  then  t^e  h  gh  spee'i 
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use  will  be  limited  to  comparatively  flat  and  smooth  terrain. 

But  it  v ill  be  available  for  emergency  use  under  conditions 
where  riding  qualities  are  not  the  sole  criteria  determining 
sueed  limit*.  With  the  use  of  seat  belts  by  all  personnel,  the 
speed  will  be  realizable  on  what  otherwise  might  be  considered 

quite  rough  terrain. 
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IV.  GENERAL  ARRANGEMENT  OF  VEHICLE 


The  general  appearance  of  the  proposed  vehicle  ia 
shown  by  the  frontispiece  and  by  Drawings  U4149  and  04142.  The 
frontispiece  is  a  photograph  of  a  model.  Drawing  04149  shows 
the  configuration  for  boating  and  land  operation,  and  Drawing 
041  42  shows  the  water-borne  flying  configuration. 

Drawing  04140  presents  the  overall  general  arrange¬ 
ment  The  vehicle  comprises  a  hull  section  having  a  rear  engine 
compartment  and  a  forward  cargo  compartment,  a  pair  of  de¬ 
mountable  sponsone  carrying  the  track  assembly,  a  retractable 
forward  foil  assembly,  a  rear,  retractable  foil  and  propeller 
assembly,  and  an  inboard  power  plant  In  addition,  there  are 
dutches,  brakes  and  other  gear  for  steering  on  land  and  water 
A  three-speed  automatic  transmission  delivers  power  to  the 
tracks  and  the  propeller  to  meet  hill  climbing  and  accelerated 
takeoft  requirements. 

Control  is  from  a  pilot  house  located  over  the  bow. 
Dual  control  can  be  provided  by  locating  a  pilot  cockpit  station 
on  each  side  The  cockpits  are  so  arranged  as  to  have  adequate 
passage-way  throu  lh  the  bow  for  loading  and  unloading  a  jeep. 

The  carn»  compartment  is  large  enough  to  accom¬ 
modate  at  least  a  eep  and  10  men  or.  alternatively  32  fully 
equipped  men  The  hull  i*  completely  d'  cktd  over  t  add 
•treijT’h  and  t  protect  aga...  .1  at  ampin*  in  a  «jrf 
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Cargo  weight  capacity  is  in  excess  of  8000  lbs. 

TvrO  or  «’de  ♦hi1  P!)r«»0  fr)rrin»>-*-*TM»«» 
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house  the  front  foil  struts  and  strut  retraction  mechanism  The 
tips  of  the  front  foil  told  up  against  the  struts  and  on  retraction, 
the  bri  dge  of  the  foil  draws  up  into  a  pocket  in  the  bottom  of  the 
hull,  tor  protection  on  land. 

The  stern  propulsion  unit  is  retractable  into  an  upper 
operating  position  for  boating  operation  and  into  a  fully  retracted 
horizontal  position  for  land  operation.  In  the  latter  position,  the 
assembly  is  largely  contained  by  a  slot  in  the  stern  of  the  hull 
and  the  protruding  portions  are  protected  by  a  guard  structure 
extending  from  the  stern. 

Ste  ering  on  the  water  is  by  directed  thrust  of  the  pro¬ 
peller,  aided  by  the  rudder  action  of  the  lower  portion  ol  the 
streamlined  strut.  At  high  speed,  rudder  steering  dominates, 
but  at  low  speed,  the  contribution  ol  propeller  thrust  is  major. 

This  is  particularly  important  for  mamuyering  in  a  surf  and 
alongside  a  dock  or  ship. 

The  main  design  study  has  revolved  around  use  of  a 
gas  turbine.  Some  study  has  been  given  a  flash  bousr  stearr  plant 
which  appears  to  offer  some  advantages.  Th  s  is  particularly  true 
when  separate  engines,  directly  connected,  are  used  f  r  the 
propeller  and  for  the  two  t-acV  d-ive« 
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For  the  turbine  drive,  a  single  unit  is  used.  It  sup- 
dH#>s»  power  to  an  automatic  *hree.<!ni>«(i  transmission  having 
ratios  of  1  /  1 ,  1.7/1  and  3/  1 .  Drive  from  the  transmission  to 
the  propeller  is  through  a  clutch  nnd  through  retractable  arti¬ 
culated  shafting  and  gear  trains  in  the  propulsion  unit  assembly. 
Dual,  counter- rotating  tractor  propellers  are  provided  to 
eliminate  torque  reaction  on  steering  and  to  p.ovide  high  effi¬ 
ciency.  Consideration  has  been  given  to  use  of  a  single  propeller 
with  torque  compensating  gearing  The  latter  is  complex,  adds 
weight  and  is  less  efficient. 

Controls  arc  coordinated  so  that  rudsier  and  tracks 
steer  from  the  same  wheel,  alternatively  or  simultaneously 
Push  button  controls  effect  the  change  from  one  control  regime 
to  another,  and  interlocks  prevent  damaging  operation  when  the 
•  tern  unit  is  stowed  for  land  travel. 

While  no  details  have  been  developed  for  presentation, 
it  is  contemplated  that  roll  stabili  aation.  when  flying,  will  be  by 
automatic  gyro-pilct  mechanism  controlling  ailerons  on  the  iron: 
foil  tips.  It  is  also  anticipated  that  fli  ght  ait  ltude  and  pitch  con¬ 
trol  will  be  by  oint  action  of  the  gvr  -pilot  and  water  surface 
sensing  means  located  on  the  'ront  s*rut«  h.s  re  *ve»  al 
obstru  tiont  on  the  bow  end  leav  g  a  clear  ope  g  (or  the 
dorr.  ce  the  bat.c  ar*»;  e  t«  >1  ih  «  ntrsl  e  ent 
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are  developed  in  a  separate  undertaking,  they  are  omitted  here. 

The  principal  dimensions  and  general  characteristics 
of  the  vehicle  are  summarized  in  Table  I  at  the  front  of  this  report. 
The  detailed  weights  are  presented  in  Appendix  A 
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V.  STRUCTURAL  AND  MECHANICAL  FEATURES 


A.  Hall. 

The  utauc  loading  on  the  bottom  hall  surface  is  roughly 
one  pound  per  square  inch  Design  has  been  based  on  a  localized 
dynamical  loading  of  20  psi  for  determining  skin  thicKness  and 
a  mean  loading  of  10  psi  for  structural  design  of  bow  and  bottom. 
Stressing  under  these  loads  is  at  half  the  yield  point  of  the  mater¬ 
ial.  The  hull  will  hence  have  a  good  fatigue  life  under  the  depigned 
loading  It  can  accept  localized  dynamical  loading  to  40  psi  or 
general  loading  of  20  psi  permanent  without  deformation.  Pres¬ 
sures  of  50  psi  and  25  psi,  respectively,  would  be  necessary  to 
cause  breakage. 

Little  information  is  available  to  provide  a  sound  basis 
for  structural  design  of  hulls  for  dynamical  loading  under  the  anti¬ 
cipated  operating  conditions.  If  too  conservative  a  basis  is 
adopted,  weights  become  excessive  On  the  other  hand,  the 
occurrence  of  substantial  dynamical  loading  cannot  be  ignored. 
Verbal  report  i  of  extremely  high  pressures  have  been  received, 
but  the  published  information  is  meager.  Some  N’ACA  reports 
indicate  dynamical  lift  coefficients  approaching  2  in  heavy  seas 
Such  results  have  been  observed  in  *he  laboratory  under  rather 
extreme  conditions  simulating  those  encountered  by  hydroplanes 
during  Imdlng  In  a  seaway.  The  Simula. ed  la  iding  conditions  a  e 
mi'ch  more  severs  than  would  be  encountered  by  any  su*'ace  craft 
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It  would  appear  that  an  average  lift  coefficient  ot  1/2  to  1  would 
be  reasonable  for  a  surlace  craft.  Thi9  is  four  to  ten  times  the 
normal  planing  lift  coefficient.  For  the  17.2  knot  t?keoff  speed 
of  the  present  craft  and  using  the  extreme  value,  2,  for  the 
dynamical  lift  coefficient,  the  dynamical  pressure  would  be 
1690  pounds  per  square  foot,  or  11.8  psi.  The  fatigue  strength 
is  hence  obviously  adequate  for  any  likel/  frequently  repeated 
loading,  and  the  structural  capacity  for  infrequent  loads  of  this 
extremity  is  also  adequate.  The  ultimate  skin  strength  in  four 
times  this  value. 

The  main  question  remaining  open  is  as  to  the  ade¬ 
quacy  of  the  skin  for  absorbing  high  localized  pressures.  The 
40  psi  stren  gth  is  greater  than  the  maximum  measured  value 
of  36  psi  of  which  we  have  any  direct  knowledge.  Higher  values 
may  have  been  observed,  but  their  frequency  is  apparently  not 
great  enough  to  have  resulted  in  publication 

Most  published  pressure  data  are  for  bottoms  with 
dead  rise  The  plane  bottom  will  experience  higher  localized 
loading  under  some  conditions,  but  there  are  other  conditions 
under  which  the  dead  rise  may  not  reduce  pressure  loading. 
These  depend  on  the  direction  of  approach  and  shape  of  a  wave. 
In  the  absence  of  more  complete  experience  data  it  would 


appear  that  the  selected  skin  is  ade  uate 


Drawing  0414.  sh  »i  the  rra  n  details  of  h  .11  con¬ 


struction 
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B  Front  Foil  Assembly. 

Beside  its  design  for  structural  adequacy,  the  front 
foil  assembly  presents  two  important  design  problems  One  ij 
in  regard  to  retraction  arrangements  the  other  is  in  the  structure 
of  the  hinge  for  the  foil  tips  This  hinge  assembly  must  provide 
fo**  folding  and  Inching  the  foil  and,  in  addition,  must  house 
mechanism  for  actuating  the  tip  ailerons. 

7.  he  general  configuration  of  this  foil  assembly  is 
illustrated  in  Figure  11.  Drawing  04148  shov/s  one  form  oi  hinge 
assembly  In  thu,  the  foil  tip  is  locked  in  flying  position  by 
forward  movement  actuated  by  the  hydraulic  oiston.  Lugs  on 
the  tip  portion  engage  seats  on  the  strut  portion  to  cooperate 
with  the  hinge  pin  in  carrying  the  bending  load. 

A  lever,  mounted  on  the  aileron  and  provided  with  a 
ball  coupling  to  a  vertical  actuating  bar,  controls  the  aileron. 

The  ball  coupling  permits  universal  movement.  When  the  foil 
tip  is  folded,  the  aileron  automatically  assumes  mid-position 
regardless  of  control  position 

Figures  20,  21  and  22  present  alternative  latching 
arrangements  which  present  structural  and  machining  advantages 
over  the  earlier  design.  Figure  20  shows  a  pin  locking  arrai  ge- 
rnent.  Segmental  pins  of  length  eaual  tu  live  width  of  hinge  lug 
are  cascaded  in  holes  running  the  lenrth  of  the  hinge  In  ore 
position,  the  pin  ends  match  the  lug  faces  .  in  the  ether,  the  lug 
faces  are  in  the  middle  o'  th*  pins  a  1  the  pms  Inc*  th*  assembly. 

F»«* 

/ 


AtnxftAno* 


'g  / 

r  / 

/  / 

*  M 

/  y 

v ■ 

\N 

v\\ 

\S> 

>2 

j  fr 

/  ^  / 
//, 

4  { 

i 

MIAMI  LOIMO  COW^OHATION 


The  pins  resist  the  tip  bending  moment  by  shear,  at  the  pitch 
circle.  This  design  can  be  very  strong  and  construction  is 
inexpensive. 

Hydraulic  pistons  at  the  ends  of  the  assembly  move 
the  pins  between  the  two  extreme  positions.  The  foil  can  be 
locked  in  both  retracted  and  flying  positions  with  proper  pin 
spacing.  Locking  pin  hole  alignment  can  be  assured  by  boring 
and  reaming  at  assembly. 

In  Figure  21.  the  locking  arrangement  involves  a 
rotatable  pin  in  a  bored  hole,  centered  on  th<;  periphery  of  the 
hinge  lugs.  The  pin  is  notched  to  its  mid-pcint  with  gaps  match¬ 
ing  the  width  of  the  tip  lugs  When  rotated  to  position,  the  notches 
inward,  the  hinge  can  be  rotated  freely.  When  the  pin  is  rotated 
180  degrees  from  this  position  (notches  outward),  the  hinge  is 
locked  Rotation  is  possible  only  with  the  hinge  in  locking  posi¬ 
tion  .Again,  loeking  can  be  accomplished  in  both  folded  and  flying 
petition. 

The  latch  of  Figure  22  is  nimilar  to  that  of  Figure 
16  except  that  locking  and  unlocking  are  accomplished  by  al  ding 
the  latch  pin  end-wtae.  Actuation  la  by  hydraulic  cylinder 

The  ma  n  problem  with  foil  retraction  •  to  provide  an 
adequately  retractable  mounting  arrangement  which  does 

not  encroach  too  much  argo  space  tHrmirh  er  lrgirg  the  «  «e 

of  the  r et ract  n  we u  'a  r 4  ^  *  srhe  —  e  «  ve  »en  a’  d  e 
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Figure  23  show-s  an  arrangement  in  which  the  strut  ie 
steadied  by  *  bent  link  hinged  at  the  base:  of  the  hull  and  attached 
to  the  utrut  at  a  point  well  above  the  flying  water  line  In  the  fly¬ 
ing  position,  the  top  of  the  strut  is  steadied  by  wedging  into  a 
socket  attached  to  the  hull,  under  the  forcing  action  of  the  re¬ 
traction  screw 

Figure  24  shows  a  similar  arrangement  except  that  the 
link  is  straight  and  pivoted  to  a  horizontally  moving  cross-head, 
to  permit  vertical  retraction  without  swinging  of  the  foil  assembly. 
In  flying  position,  the  cross-head  is  locked  by  hydraulic,  screw 
or  other  means  capable  of  remote  control 

Figure  25  is  similar  to  Figure  24  except  that  the  link 
is  telescoping.  Hydraulic  means  lc  ck  the  link  in  extended  position 
in  flight. 

Figure  2fe  shows  tnothei  :r r^^^ement  for  rettilinear 
retraction  ir  which  n  stabilizing  bracket  rigidly  attached  to  fh 
tc  p  of  the  foil  carrl«  s  a  cross-head  guide  member.  Thu  member 
it  rigidly  locked  in  place  in  the  fiying  position  by  remotely  c 
t -oiled  means . 

Figure  27  shows  an  evoluiiorary  form  of  the  design 
cf  b  igure  26  in  which  both  the  steady  bra<*  -  «t  and  the  str  *  are 
driven  by  screws  The  screw*  nr#  grare  .  t  g  e?he  r  a  d  t oop*> r  tie 
'n  rat*  *  -  and  lower  -  g  the  f  >,1  *e-  b  ■  In  flight  ?>e  *  ew«  »- 
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the  support  members  into  wedging  sockets  to  rigidly  support  the 


tap  of  the  strut.  This  is  probably  the  most  satisfactory  of  ail 
designs . 

C.  Rear  Foil  and  Propulsion  Unit. 

This  unit  is  retractably  mounted  in  a  slot  in  the  stern 
of  the  hull  This  arrangement  i»  illustrated  in  Drawing  0  4147.  It 
follows  the  general  design  of  the  propulsion  unit  of  '  Halobates" 
except  that  the  retraction  arrangements  are  modified  to  permit 
folding  inside  the  hull  slot  for  land  operation  and  that  dual, 
counter-rotating  propellers  are  used. 

The  counter-rotating  propellers  arc  mounted  on  a  nacelle 
at  the  bottom  of  the  strut.  This  nacelle  also  mounts  the  rear  foils 
and  houses  bevel  gearing.  The  counter-rotating  propellers  are 
driven  through  separate  gear  trains  by  concentric  vertical  shafts. 
This  arraugemert  leutralizes  propeller  torque  providing  torque- 
free  steering. 

The  retractable  drive  from  inboard  engine  to  the  pro¬ 
pulsion  unit  is  similar  to  that  of  Halobates'  ,  but  requires  a  splinrU 
sliding  coupling  in  the  drive  shaft  to  permit  the  movement  ,r.to  a 
horizontal  position  for  stowing  on  land. 

There  are  various  possible  altei  native  arrangement* 
of  the  retraction  linkage  tor  mo  inting.  The  slotted  rack  shown 
provides  a  convenient  m««m  for  powering  th  ■  action,  b  .♦  screws 
or  hydraulic,  cylinder*  may  be  used  alt* rnativ-iy  with  m  n  >r 
a  it  erst’ on  s. 


In  the  boating  position,  the  propeller  falls  behind  the 
transom  It  is  hence  necessary  to  provide  a  tunnel  in  the  bottom 
of  the  hull.  To  favor  planing  at  takeoff,  this  tunnel  is  closed  by 
a  squat  board  which  i6  hydraulically  actuated  for  movement 
between  its  extreme  positions. 

Use  of  the  tractor  propellers  improves  efficiency  by 
avoiding  placing  the  propeller  in  the  wake  of  the  strut.  It 
greatly  reduces  the  danger  of  ventilation  of  the  propel1*:?  by 
air  drawn  down  the  strut  It  further  retards  the  development  of 
propeller  cavitation  by  avoiding  the  strut  wake  effects  thereon. 
Experience  with  "Halob&tes"  has  indicated  the  desirability  of  this 
change.  Tests  conducted  in  Italy  by  Cabi -Cattaneo  have  demon¬ 
strated  the  efficiency  improvement  by  tne  tractor  arrangement 
D.  Fovier  Plant. 

Three  power  plant  and  drive  systems  have  been  studied 
M  jst  layouts  have  been  developed  around  the  HP,  T-1'*  gas 

turbine.  These  arrangements  are  illustrated  in  Drawing  04143. 

Th.  |U  turbine  has  a  rather  poor  luel  rate  at  reduced 
power.  The  specific  fuel  consumption  increases  about  half 

load  over  that  at  full  lodd  A  steam  power  plant,  along  the  lines 
of  the  Bessler  design  operating  at  900  psi,  develops  close  to  the 
same  fuel  rate  as  the  turbine  with  atmospheric  exhaust  pressure 
It  is  practicable  to  m*infam  this  exhaust  e  th  an  air  condenser. 
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Furthermore,  the  specific  fuel  consumption  changes  relatively 
little  with  output  The  steam  engine  can  develop  high  low  speed 
torque  without  gear  shifting.  Furthermore,  the  use  of  a  sub¬ 
divided  engine  arrangement  with  a  common  boiler  permits  direct 
driving  of  the  propeller  and  each  track,  eliminating  speed  change 
transmissions  and  much  other  gearing. 

In  view  of  the  attractive  features  of  the  steam  plant 
preliminary  designs  were  prepared  on  a  single,  1000  HP  steam 
engine  replacing  the  ga6  turbine  and  on  a  second  arrangement 
with  a  1000  HP  steam  engine  mounted  directly  on  the  outboard 
retractable  propulsion  unit  and  with  two  additional  200  HP  engines, 
each  directly  connected  to  a  reduction  gear  driving  a  track  drive 
sprocket  These  arrangements  are  shown  respectively  in 
Drawings  04144  and  04145. 

In  the  gas  turbine  arrangement,  the  turbine  drives 
through  a  three-speed  automatic  transmission  unit  having  ratios 
1/1,  1.7/1  and  3/1.  Power  from  the  tran«mission  is  transmitted 
to  the  propeller  unit  through  a  disconnect  clutch  and  an  articulated 
dr  ive  shaft.  The  output  of  the  transmission  is  also  geared  to  a 
cross  shaft.  Power  from  the  cross  shaft  is  transmitted  to  track 
spiocket  drive  gears  through  controllable  fluid  couplings.  The 
torque  of  these  couplings  is  coitrollable  by  a  scoop  which  *o  trols 
the  fluid  level  m  the  coupling  Hrakes  on  the  output  shafts  of  these 
CO'  plings  are  hydraulically  controlled  and  automatically 
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coordinated  with  the  draining  and  filling  of  the  couplings.  Differ¬ 
ential  control*  actuated  by  the  steering  wheel  actuate  these  brakes 
and  coupling*  to  control  track  8peed  differentially  for  steering  pur¬ 
pose*  . 

In  the  case  of  the  single  engine  steam  drive,  the  arrange¬ 
ments  are  essentially  the  name  except  for  the  addition  of  the  boiler 
and  condenser.  However,  the  high  torque  capacity  of  the  steam 
engine  permits  elimination  of  the  speed  change  gear.  The  saving 
in  weight  thereby  offset*  the  increased  weight  of  the  steam  power 
plant  over  the  turbine  so  that  very  little  weight  change  results. 

When  the  three  engine  drive  is  used,  Bteering  brakes 
and  coupling's  can  be  eliminated,  as  well  as  the  speed  change  gear. 
The  articulated  drive  train  and  disconnect  clutch  to  the  water  pro¬ 
pulsion  unit  are  also  eliminated.  Again  the  weight  savings  balance 
increase*  with  little  net  change. 

The  main  problem  presented  by  the  steam  plant  is 
condensing  for  land  operation.  T^e  air  condensers  are  bulky  and 
require  considerable  air.  However,  they  can  be  accommodated  if 
their  capacity  is  limited  to  the  reduced  power  demand  on  land. 

At  sez,  <t  will  be  den  rahle  to  supplement  the  air  condenser  v  ;th 
a  vater  condenser. 

If  air  condensers  can  be  mounted  above  deck,  the  deck 
closure  can  be  maintained.  This  would  be  desirable  If  not 
practicable,  the  large  air  ducts  for  condensif  g  can  be  closed  at 
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sea  and  water  condensing  used  exclusively. 


In  further  consideration  of  alternative  power  arrange¬ 
ments,  consideration  was  given  to  a  separate,  225  HP  diesel  or 
turbine  power  plant  for  land  use.  It  was  found  that  the  extra 
weight  of  this  power  plant  wan  considerably  greater  than  that  of 
the  extra  fuel  required  by  use  of  the  main  engine  on  land.  This 
was  true  whether  a  diesel  engine  or  a  regenerative  gas  turbine 
was  used.  In  view  of  the  weight  advantage  and  reduction  of  firsr 
cost,  the  availability  of  the  extra  power  for  higher  speed  was 
considered  to  out-weigh  the  economic  cost  in  fuel  consumption. 

For  the  'life  of  the  vehifcle,  the  possible  fuel  cost  savings  just 
about  balance  the  cost  of  an  extra  turbine  power  plant  of  smaller 
sire 

E  Track  System. 

No  attampt  has  been  made  to  develop  *  detrU»d  design 
of  track  This  is  a  major  undertaxing.  However,  in  respe-t  to 
the  pneumatic  track  discussed,  sufficient  consideration  has  been 
given  the  design  and  manufacture  to  determine  that  a  nroduceablc, 
structurally  sound,  pneumatic  track  segment  car*  be  devised. 

Figure  28  shews  a  section  that  incorporates  the  essential  features. 

Transverse  high  strength  reinforcement*  provide  the 
means  of  supporting  the  inner  pressure  by  the  flat  belt  and  tread 
areas  longitudinal  wares  at  the  corners  provide  the  means  fer 
a  upportirg  the  cords  at  the  herds,  Use  of  a  trapezoidal’  sectional 
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form  provides  the  means  of  supporting  transverse  load,  on  a 
aide  hill  and  in  turning  The  reinforcing  rodB  *lso  provide  the 
axles  for  rollers  guiding  tne  belt  section. 

In  the  figire,  '  he  solid  section  shows  the  track  in¬ 
flated  but  unloaded.  In  th  ;  dotted  sections,  its  configuration 
under  vertical  load  and  on  a  60%  side  slope  is  shown 

The  guide  rails  run  the  length  of  the  sponsons  sur¬ 
rounded  by  the  track  and  curved  around  the  forward  end  to  form 
the  return  path  The  drive  sprocket  is  located  at  the  rear  end 
mounted  on  sealed  anti-friction  bearings  supported  by  brackets 
secured  to  the  sponson  The  drive  sprocket  is  shown  in  Draw¬ 
ing  04146.  The  sprocket  is  driven  by  roller  chain  extending  for¬ 
ward  to  a  sprocket  pin  also  mounted  in  bearings  bracketed  to  the 
sponson  Since  the  sponson  is  demountable,  this  drive  pinion  is 
coupled  to  the  drive  gear  mounted  in  the  side  of  the  hull  by  a 
double-ended  splined  shaft.  When  sponsons  are  removed  for 
rail  shipment,  these  splined  shafts  are  removed,  leaving  faces 
on  the  sides  of  the  huil  free  of  projections 
F.  height 

In  setting  tentative  objectives,  the  total  weight  aimed 
at  was  30,  000  lbs  ,  fully  loaded,  of  which  3,  000  lbs  was  esta¬ 
blished  as  pay  load.  In  the  preliminary  design  study  a  weight 
of  36,000  lbs.  has  been  calculated  As  pointed  out  earlier  this 
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is  based  on  a  relatively  conservative  tentative  approach.  The 
weight  breakdown  is  summarized  in  Append!*  A.  There  is  now 
little  doubt  that  the  original  objective  can  be  met  by  careful 
attention  to  detail  in  preparing  a  final  design.  The  payload 
objective  can  be  preserved  in  so  doing. 

In  preparing  a  final  design,  careful  investigation 
must  be  carried  cut  in  setting  the  design  criteria  for  foils  and 
hull.  Here  a  considerable  weight  penalty  must  be  paid  as  the 
price  of  conservatism  in  the  absence  of  explicit  dynamical 
loading  data. 

While  the  preliminary  weight  runs  higher  than  planned, 
the  boating  and  flying  characteristics  are  such  that  this  extra 
loading  and  more  can  be*carned  with  ease.  Thus,  even  though 
structural  weight  is  ultimately  reduced,  it  may  be  advantageous 
to  increase  the  cargo  rating  for  dense  cargo  to  bring  the  grocs 
weight  to  45.  00C  lbs. 

There  is  nothing  sacred  about  the  particular  gross 
weight  and  cargo  capacities  set  as  objective.  Craft  of  the  pro¬ 
posed  type  can  be  built  to  any  desired  scale.  In  a  particular 
cane,  the  size  would  ultimately  be  set  by  the  capacities  and  weights 
of  available  powei  plantu  in  the  neighborhood  of  the  site  established 
by  the  vehicle  necessary  to  perform  a  specified  ta  ik  The 
latitude  of  sea  a»  d  land  performance  available  from  a  given 
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vehicle  allows  plenty  of  room  for  compromise  in  order  to  take 
care  of  special  situations. 
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NOTICE:  WHEN  GOVERNMENT  OR  OTHER  DRAWINGS,  SPECIFICATIONS  OR  OTHER  DATA 

ARE  Used  for  any  f  urpg  e  other  than  in  CONNECTION  with  a  definitely  related 

GOVERNMENT  PROCIREMF.T  OPERATION,  THE  U.  S.  GOVERNMENT  THEREBY  INCURS 
NO  RESPONSIBILITY  :;OR  A  Y  OBLIGATION  WHATSOEVER  AND  THE  FACT  THAT  THE 
GOVERNMENT  MAY  FA  VS  7  CUMULATED  FURNISHED,  OR  IN  ANY  WAY  SUPPLIED  THI 
SAID  DRAWINGS,  SPECIFICATIONS,  OF  OTHER  DATA  IS  NOT  TO  BE  REGARDED  BY 
IMPLICATION  OR  OT.llERWl.T  AS  IN  ANY  MANNER  LICENSING  THE  HOLDER  OR  ANY  OTHER 
PERSON  OR  CORPORATION,  A  CONVEYING  ANY  RIGHTS  OR  PERMISSION  TO  MANUFACTURE 
USE  OR  SELL  ANY  PA'  EKIFD  INVENTION  CHAT  MAY  IN  ANY  WAY  BE  RELATED  THERETO. 
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